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Nuclei of interest

- nuclei at or close to the N = Z line

- nuclei with 0+ 0+ transitions

- T = 1/2 mirror nuclei ( N = Z-1  N =  Z+1;   e.g. 21Na 21Ne)

- nuclei with fast (small logft) and pure Gamow-Teller transitions 
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1. Ft0+ 0+

- CVC
- unitarity of CKM matrix
- right-handed currents
- scalar currents

2.  searches for exotic weak currents 
- scalar currents
- tensor currents

3. symmetry tests
- parity 
- time reversal

4. searches for heavy neutrinos    
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1. ℑt-values of  0+ 0+ superallowed Fermi transitions
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(1)  Towner and Hardy, PRL 94 (2003) 092501, PR C71 (2005) 055501
(2) Savard et al., PRL 95 (2005) 102501

0.9987(11)
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(with new values for Vus)

↓
QEC, t1/2 and BR

2.  test of unitarity of CKM-matrix

1. test of CVC hypothesis

OK @ 4 x 10-4 level

theory



Options:  - improve quantities indicated by green & blue arrows 
- if  CVC accepted Ft-measurements test δc - δNS from theoretical models
- go for factor ~10 higher precision in Ft than available now for the 4 isotopes indicated 

Error budget,
required precision,
and opportunities 

for MYRRHA (arrows)

• overall precision:  Ft = (3074.4 ± 1.2) s
⇒ 4 * 10-4

⇒ single measurements of T1/2 and BR :  < 10-3

• theoretical corrections:  δC, δ′R ~ 1% → < 10%
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Towner & Hardy, 2005

isospin-mixing corrections + NS radiative corrections

34Cl

38mK

74Rb



physics information from the 0+ 0+ Fermi transitions

1. Conserved Vector Current hypothesis
cf. supra

2. unitarity of CKM quark-mixing matrix
cf. supra

3.   right-handed (V+A) currents

-0.0005 < ζ < 0.0015 (90% C.L.)

4. scalar currents

Left Right Symmetric models
W1 = WL cosζ - WR sinζ

W2 = WL sinζ + WR cosζ
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R-correlation

2.  Searches for exotic weak currents via correlation measurements

Note:  a, b, A, R, … depend on the coupling strengths
for the different possible weak interaction types (i.e A, V, S, T)
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(assuming maximal P-violation and T-invariance for V and A interactions)

recoil corr. (induced form factors) ≈ 10-3  ;   radiative corrections ≈ 10-4

2(with   1 ( ) )Zγ α= −
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traps for correlations in nuclear beta decay
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search for exotic scalar couplings with 38mK
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TRINAT  MOT trap at TRIUMF-ISAC (Vancouver)

38m 38 +K Ar + e  + ν→

superallowed 0+ 0+ pure Fermi transition  (t1/2 = 0.95 s) 

( J. Behr et al. )



A. Gorelov, J. Behr et al.,
Phys. Rev. Lett. 94 (2005) 142501
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O. Naviliat
LPC-Caen Paul trap

ion cloud

LPC-Caen  Paul trap  at  GANIL   (O. Naviliat, G. Ban et al.)



WITCH double-Penning trap system at ISOLDE-CERN
K.U.Leuven, ISOLDE-CERN, Uni Münster, GSI, NPI-Řež (Prague)

p
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search for exotic scalar/tensor couplings
in the beta-neutrino correlation by
recoil ion energy spectrum shape
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Rextrap
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∆m/m ≅ 5 x 10-4integral energy spectrum 
for 124Sn recoil ions



βν-correlation from Doppler-shift of β-delayed γ-rays

- momentum of recoil nucleus,
and therefore 
direction of ν momentum
obtained from
measured Doppler shift
and 
beta particle momentum

- Doppler shift from 
precise measurement of
γ-ray energy
with a
crystal spectrometer
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J θ
β

2b.  β asymmetry, A

for a pure Gamow-Teller transition :

-0.008 < Im (CT+C’T)/CA < 0.014    (90% CL) from  8Li @ PSI, R. Huber et al., PRL 90 (2003) 202301

∆A = 0.01 → (for  γm/Ee ≅ 0.5) Re [(CT+CT’) / CA] < 0.033  (90% CL)

(assuming maximal P-violation and T-invariance for V and A interactions)

recoil corr. (induced form factors) ≈ 10-3  ;   radiative corrections ≈ 10-4 /     AGT independent of nuclear matrix elements
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Low Temperature Nuclear Orientation + Geant 4
(K.U.Leuven, NICOLE-ISOLDE, NPI Rez-Prague, Uni Bonn)

pol β
GT
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IS431-experiment

↓
Geant 4

1 K < 100 mK
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Leuven:  60CoCu ,  Bext = 13 T

ISOLDE: 63CuFe ,  Bhf = 22 T

(polarization P from anisotropy of γ-rays )

F. Wauters, I. Kraev, D. Zakoucky, N. Severijns et al.



60Co exp. β-spectrum
vs.

Geant4
(B = 13 T)
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From ratio get 

preliminary results :

=   1.021(12) for 60Co

=   0.991(19) for 114In

and data for 63Cu under analysis 
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recoil corr. (induced form factors) ≈ 10-3  ;   radiative corrections ≈ 10-4 /     AGT independent of nuclear matrix elements

J θ β

3a.  β asymmetry, A

for a pure Gamow-Teller transition :

(assuming T-invariance for V and A interactions, and no tensor component)

∆A = 0.002   → M(WR) < 400 GeV/c2 (90% CL)

∆A = 0.001   → M(WR) < 475 GeV/c2 (90% CL)

present 90% CL lower limit is M(WR) < 320 GeV/c2 (Severijns et al., NP A 629 (1998) 423c)

“probing the 500 GeV/c2 region would provide new information on several extensions of the Standard Model “
(Herczeg, Prog. Part. Nucl. Phys. 46 (2001) 413)
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3.  Symmetry tests   - parity violation



3b.  ν asymmetry, B
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D. Melconian et al., Phys. Lett. B 649 (2007) 370 )

can be reduced by factor of about 3 to 4 !

then to be reduced by factor of about 6 to 7 
to be about equal to systematic error !
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- R correlation : 

- sensitive to time reversal violating  S, T  interactions

- only measured for neutron, 8Li and 19Ne till now 

R = 0.007(19)      R = 0.0009(22)        R = 0.079(53)   
(preliminary) R. Huber et al., F. Schneider et al., 

K. Bodek et al., PRL 90 (2003) 202301 PRL 51 (1983) 1239
to be published

3.  Symmetry tests   - time reversal violation

- D correlation :

- sensitive to time reversal violating  V, A  interactions

- only measured for neutron and for 19Ne till now    ( always statistics limited !)

D = -0.0004(6)                D = 0.0001(6)   
( several authors, 1958 - 2004 ) ( F. Calaprice et al., 1969 - 1984 )
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In preparation:  D(21Na) in MOT optical trap at KVI-Groningen



4.  Searches for heavy neutrinos

- current best result in nuclear beta decay
from 38mK   

( Trinczek et al., PRL 90 (2003) 012501 )

- recoil energy for nucleus that has emitted heavy neutrino is lower than for light one
recoil ion energy in beta decay probes existence of heavy neutrinos

that would mix ( with amplitude Uex ) with light neutrino :
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- e.g. heavy neutrino search with the
WITCH spectrometer :

decay :   144Eu (10.2 s) 144Sm 
EC-branching :   9.7% 
QEC-value :      6.3 MeV 
beta recoil endpoint :   125 eV
EC(mν = 0) recoil peak :  149 eV

&   search for peak at e.g.  138 eV
with 0.5%  or  1%  admixture
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1.  ft-values
0+ 0+ transitions   (test CVC, unitarity test, right-handed currents, scalar currents,

test nuclear structure corrections,  … )

T1/2 and BR for  18Ne, 34Ar, 38mK and 74Rb

N. Severijns, 06-09 April 2008, BRiX workshop

2.  searches for exotic weak currents (scalar  and/or  tensor  currents)

- atom traps (e.g. 21Na, 37K, 38mK), Penning traps (e.g. 35Ar), Paul traps (e.g. 6He),
- beta asymmetry measurements (e.g. 19Ne),
- but also  Doppler-shift of gamma-rays (e.g. 18Ne, 35Ar) with a crystal spectrometer

3. symmetry tests
- parity - beta asymmetry measurements (e.g. 18Ne)

- neutrino asymmetry in nuclear beta decay (e.g. 21Na, 37K)

- time reversal - D correlation ( J.pexpν ;  V,A ) - (e.g. 19Ne)
- R correlation ( σ.Jxpe ;  S,T )   - (e.g. 8Li, 19Ne)

4. searches for heavy neutrinos    

Motivation: - long measuring times
- high precision
- good knowledge of apparatus required (systematc effects)  





β-decay Hamiltonian (Lee & Yang) :
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the  Standard Model and  beyond:

*   CV =  1 (CVC)

*   CA =  -1.27 ( gA/gV = -1.2699(7) from n-decay )

*   CV
’ = CV &  CA

’ = CA (maximal P-violation)

*   CS =  CS
’ = CT =  CT

’ = CP =  CP
’ ≡ 0 (only V- and A-currents)

experimental upper limits:
(neutron and nuclear β-decay)

*   no time reversal violation
(apart from the small CP-violation described by the phase in the CKM matrix)

( ' )

( ' )

/ 0.09     

/ 0.07      (95% CL)

T A

S V

C C

C C

<

<

from:  N. Severijns, M. Beck, O. Naviliat-Cuncic, 
Rev. Mod. Phys. 78 (2006) 991

for right-handed exotic couplings
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Comparison of beta decay rhc results with collider results, 
assuming general LRS models

gR/gL

MWR(GeV/c2)

MWR(GeV/c2)

Vud
R/ Vud

L
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(J.C. Hardy)







Princeton D(19Ne) experiment

- polarized 19Ne from Stern-Gerlach magnet
- for atoms in the cell    
- E(19F-) < 200 eV

0e Rp p pν+ + =
G G G ( x )  is equivalent to   - ( x )e e RJ p p J p pν⋅ ⋅

G GG G G G

result:   D = +0.0004(8)

N. Severijns, 2-5 April 2007, ECT*

F. Calaprice et al., 1969 - 1984



experimental set-up and result  - 8Li

R. Huber et al., PRL 90 (2003) 202301



3. Testing time reversal violation in free neutron decay
(Univ. Krakow, PSI, LPC-Caen, K.U.Leuven, …)

(SINQ-FUNSPIN)

' '
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